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individual hemoglobins had been observed.
The-blood was collected in a tube containing
3.2% sodium citrate solution, and washed
5-6- times .with saline to- remove the serum
and white blood cells. The erythrocytes thus
kcollected were hemolyzed by the addition of
0.1% saponin solution, and the stroma was

removed by ultracentrlfugatlon The superna-

tant containing hemoglobin was dialyzed
against 2.8 M potassium phosphate buffer
(pH 6.8) at 4°C. Hemoglobin was crystal-
lized by the addition of ice-chilled, saturated
ammonium sulfate solution. The crystals col-
lected were dissolved and dialyzed against
dlstllled water at 4°C, and finally lyophil-
ized.

The preparation of globin from hemoglobin
was according to the procedure of Rossi
Fanelli ef al. (8). Acetone, containing 0.3%
(w/w) of 2 N- hydrochlorrc acid, was
prechilled to —20°C and added to the ice-
chilled hemoglobin solution with stirring. A
yellowrsh white, flocculent' precipitate was
collected and dissolved in distilled water. The
solution was dialyzed against distilled water
and then lyophilized, after the removal of a
precipitate which appeared during d1a1y51s

Chernoff’s chromatographic techmque 9)
was -applied for the separation of subunits
from globin. Globin was dissolved in 11. 7%
formic acid, the solution was applied to an
“Amberlite IRC 50 ion-exchange resin col-
umn, and the elution was accomplished
with an interrupted urea gradient from 2 M
to 8 M at pH 1.9. The a-chain was eluted
first at a concentration of 5.3 M urea and the
B-chain was eluted at a concentration of
6.6 M. A third fraction with a slightly yel-
lowish color was eluted with higher urea con-
centration, and found to yield the same pep-
tide - -map as- the B-chain;, but with less
a-chain _contamination. Therefore subse-
quent dlgests were carried out using thls frac-
tion. -

Hemoglobm globins, and subunits thus ob-
tained were 'subjected to chymotryptic - di-
gestion, in' most cases, at pH 8.3-84 for 20
hours at 37°C. Trypsm was -also used for
dlgestlon under the same conditions. - (Both
enzymes were purchased from Worthington
Biochemical Corporation.)

-2 hours;

Fic. 1. Paper electropherogram of chymotryptlc
digests of rabbit hemoglobms Arrows  indicate ad-
ditional peptide bands in. center patterns. Pyridine -
acetic acid buffer, pH 6.4, 41 V/cm, 2 hours.

The peptide maps of these digests were
obtained as follows. The digested materials
were lyophilized, dissolved in pyridine-acet-
ic acid buffer (pH 6.4) and applied to What-
man 3MM paper for high voltage electro-
phoresis in the horizontal plane (41 V/cm;
pyridine-acetic acid buffer pH’
6.4). After electrophoresis, the paper was air-
dried and subjected to ascending chromatog-
raphy, if a two-dimensional peptide map
was desired. The solvent system consisted of
n-butanol-acetic acid-water (3:1:1) = an
chromatography was carried out for 6 hours.
Two mg of digest was applied as a spot for
peptide mapping, and 2 mg/inch was ap-.
plied as a streak for single dimension high
voltage electrophore51s A 0.2% solution of
ninhydrin in acetone was used to vi‘s,uahze
the peptide map.

Amino acid analySIS of the subunits was

-performed with the use of an amino acid

analyzer, after hydrolysis with 6 N hydro-
chloric acid for 24, 48, and 72 hours. Residue
numbers were determlned by averaging mo-
lar ratio values derived from 8 different ami-
no acids taken as unity. Amino acid anaylsis
of several peptides obtained by preparative
electropharesis was also carried out.

Results and Discussion. Figure 1 is a paper
electropherogram  of 'the chymotryptic di-
gests of hemoglobins from individual rabbits.

. The arrows indicate at least. two additional

peptide bands occurring in the digests de-
rived from the two- hemoglobins represented
by - the center patterns: The presence of the
two hemoglobin types, ie., the type without
(Type ‘A) and with (Type B) these extra
bands; was confirmed. i in the two-dimensional

. peptrde maps as shown in Fig. 2. The peptide.






Fic. 3. Peptide maps of ch};m_
-+ -that of Type B (below) ‘(conditions as in Fig. 2).

of the globin digests. Amino acid analyses of
those peptides revealed the amino acid con-
tent as lysine, glycine, and serine for peptide
4 and as arginine only for peptide 5. Pre-
sumably these two peptides are located in the
regions which are responsible for the binding
of heme and globin moieties, -
~ In order to determine which chain of
globin is responsible for the difference be-
tween the two types, peptide maps were made
for the chymotryptic digests of both a- and
B-chains derived from each type of globin.
As’ shown in Fig. 3, a-chain - digests . from
both types of globins gave essentially identi-
cal peptide maps, while the difference was
observed in the maps of the two p-chain
“digests as shown in Fig. 4. It was concluded
that a difference in B-chain composition and
/or structure is responsible for the appar-
ent multiplicity of rabbit hemoglobin. ,
"To support this finding, amino acid analy-

otryptic digests of a-chains of Type A hemoglobin (ébéve‘) and

ses were carried out for each subunit. As
shown in Table T, an essentially identical
amino acid composition was found for each
a-chain from the two types of hemoglobin,
with the content of no amino acid differing
between types by more than 0.5 residue, ex-
cept for leucine with a difference of 0.6 res-
idue. All other differences are 0.5 of a residue
or less. This excess leucine in the a-chain of
Type A hemoglobin does not appear to be
compensated for by a decrease in content of
any other amino acid, and probably results

- from an inexplicable error in the analyses. On

the other hand, there appear to be -signifi-
cant differences in valine and lysine content

~of the B-chain of the two types of hemo-
- globin, : . ' :

~ The p-chain from Type A ‘hemoglobin

- seemed to have one more lysine residue and
~one less valine residue as compared with that.
“from Type B hemoglobin. The results of the






TABLE I. 'Aﬁ\xino Acid Compoéifﬁion of the Sub-

- units of Both Types of Rabbit Hemoglobin.*

a-chain " p-chain

Ammo a,c1d Type A TypeB~

Asp 11.0° 11.3 12.5 12.2
Thr. 11.2. 11.4 4.8 52
Ser 114 i0.9 10.3 10.4
Glu 8.2 8.2 13.9 13.6
Pro 7.0 7.2 47 4.8
Gly - 9.2 9.3 1.3, 116
“Ala 12:9 13.1 151"  15.2
Cys(hﬂf) 0.6 0.6 0.7 207
~Val 9.4 9.7 .16.8 17.6
“Met - 1.0 .0.9: 1.0 0.9
Tleu 3.0 29 1.2 0.9
Leu . 18.0 17.4 18.2 18.5
“Trp- 2.6 2.7 2.6 - 2.8
Phe 7.2 7.5 7.9 8.2
Lys 12.0 12.1 12.6° 119
His - 10.1 10.5 9.3 9.5
Arg 30 30 . 32 3.3

"Va,lues are remdue numbers calculated on basis
of molar ratios.

refute -the observation. based on results of
agar and paper electrophoreses (13-15)

(smgle type of rabbit hemoglobin), but are

in line with the finding obtained from 5°Fe

1nc0rp0rat10n (16) and other procedures (12,

17) (multiplicity of rabbit hemoglobins).

For the 24 rabbits used in the present
experlments, the frequency of the occurrence
of Type A hemoglobm was 0.33. The number
of animals examined is too small to estab-
lish an acceptable frequency value for the
dlstnbutlon of the two-types of hemoglobin.
It is hoped, however, that future breeding
experiments among rabblts with different he-
moglobins will yleld information to ascertain
the genetic aspect of this dimorphism.

It is of interest that the difference between
the two -types was found in the RB-chain,
since differences found in hemoglobins of oth-
er animal species were confined mainly to the
B-chain (4). If the multiplicity of rabbit
hemoglobins is under genetic control as are
other hemogloblns of other species, ‘it would
appear on the basis of the genetic code (18)

that aksubstltution of lysine for valine would -
:ggulre at least two mutational events, as--

Type A TypeB ‘

suming that lysine and valine occur at .the
same position in the B-chain of the two
types of hemoglobin. It could be theorized
that other hemoglobins exist, as yet undiscov-

“ered, which contain glutamic acid, isoleucine,
.and methionine substitutes at the position,
‘having passed through an intermediate muta-

tion in going from lysine to valine, or vice
versa. It is also conceivable that such muta-
tions had little or no.survival value and will
not be found to exist in nature. ’
Summary. The hemoglobin of 24 rabbits
was analyzed- by the “finger-printing” tech-
nique and amino acid analyses. The data re-
vealed the presence of dimorphism in rabbit -
hemoglobin. The difference in compositibn
and/or structure appears to be located in -
the B- chaln
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